The prevalence of HIV infection among suspected TB cases was 25.4% which was higher than the current national average HIV prevalence of 6.9%. Lower CD4+ lymphocyte count was found to be the only predicting factor for HIV. There was a significant relationship between CD4/ESR and HIV infection.
Introduction
Human immunodeficiency virus (HIV) is a major public health problem and it causes death in many parts of Africa [1] [2] . Although the continent is home to about 15.2 percent of the world's population, Sub-Saharan Africa alone accounted for an estimated 69 percent of all people living with HIV and 70 percent of all AIDS deaths in 2013 [3] . The HIV spreads silently and unnoticed before it wreaks havoc and devastation [4] . It kills people, destabilizes communities, slows economies, disrupts social services and weakens democracies [5] . There were approximately 40 million people living HIV/AIDS in 2013; 33.2 million were adults of which 60% were women [3] [5] . An estimated 2.4 million people were newly infected with HIV in sub-Saharan Africa in 2013, bringing to 27.4 million the number of people living HIV in this region. By 2013, more than 18 million children in Sub-Saharan Africa had lost one or both parents to HIV/AIDS [6] . About 1.9 million people in Kenya are living with HIV/AIDS and Kenya is ranked fourth highest number of AIDS infections in the world [7] . There are at least 100,000 new HIV infections in Kenya annually. The epidemic is spreading fast in rural areas with less health facilities compared with the urban areas. The spread in rural area is accelerated by poverty, ignorance and lack of information about proper methods of prevention [8] . As evident, the number of HIV new infections keeps on soaring, a clear indicator that people are not doing enough to contain the spread of the virus [9] . The national prevalence rate is currently 6.9% and is the highest among the married couples and young women who are more vulnerable to infection [10] . The number of adults in need of ART reached 213,000 in 2005 and is estimated to have reached 930,000 in 2013 based on CD4 < 350. During the same period, the ART needs among children (0 -14) rose from 103,000 to 205,000 [11] . It is widely known that behavioural factors like traditional attitudes, multiple sexual partners, pre-marital sexual activity and drug abuse (intravenous drug users) significantly contribute to increased HIV infection in this region. 17% of new HIV infections at coastal Kenya are linked to intravenous drug use [12] .
Immuno-haematological indices such as leukocyte, lymphocytes and their subsets such as CD4+T cells and CD8+T cells play a major role in both cellular and humoral types of immunity. CD4+T cells are the lymphocytes subsets used for monitoring progression of HIV/AIDS infection and they are also used as a surrogate marker for the improvement of HIV/AIDS patients after initiation of ARV [13] . Further, CD4+T cell levels determine when to start or stop prophylactic drugs for opportunistic infections [14] . Management of HIV patients includes proper monitoring, irrespective of ARV treatment. This monitoring can be done clinically by means of the WHO clinical staging, but more reliably by measuring CD4+T cells and viral load [3] . In resource poor countries like Kenya, viral load determination is not done and the only reliable methods for follow up of HIV infected patients are by CD4+T cell counts [15] . Immuno-haematological variations have been reported in various studies showing association with sex, geographical location, race, altitude and diet [16] . The HIV virus targets and destroys CD4+T cells responsible for the cellular immunity against infections by intracellular microorganisms like M. tuberculosis. Reduction in CD4+T cells results in immunodeficiency which in turn can lead to reactivation of latent tuberculosis or new tuberculosis infection once exposed to M. tuberculosis [17] - [20] . A normal CD4 count in a healthy, HIV negative adult can vary but is usually between 500 and 1700 CD4 cells/mm 3 though it can be lower in some people. The principal impact of HIV infection in the immune system is destruction of the CD4+T-lymphocytes during which primary infection, HIV and HIV-infected cells reach the lymph nodes and other lymphoid tissues [21] . The virus rapidly disseminates during this early stage of HIV infection leading to significant fall in CD4 cells and high viral levels. The present study aimed at identifying the prevalence of HIV and CD4 count among newly diagnosed TB patients in Mombasa County in Kenya.
Materials and Methods

Study Area
The study was conducted in Mombasa County which has a population of 1,031,266 by the year 2012. The population is steadily growing due to rural-urban migration and immigration from unstable countries. The total area Mombasa is 109 Km 2 with about 60% of the people living overcrowded informal settlements in the form of shelters. Residents are of mixed ethnicity and are engaged in low-income generating activities, mainly informal sector and small trading. The County has rapid population growth and is characterized by low socio-economic indicator. This creates huge demands on health facilities and inability to keep pace with the environment, continued economic prosperity, public health and quality of life of residents. Tuberculosis and HIVAIDS are the leading causes of deaths in the area representing 50%.
Study Site
The study was done at done at Ganjoni clinic, Coast provincial General hospital (CPGH), Mlaleo Health and Mikindani Health centers, Likoni, Portreizt and Tudor district hospitals. These hospitals were selected because they serve populations at high risk for TB due to high HIV prevalence or social-cultural practices that favour TB transmission. These hospitals like all others at their levels have chest clinics where TB patients obtain health care respectively.
Study Design
This was hospital and laboratory based descriptive cross-sectional study carried out between May 2011 to November 2013. The study sites facilitated the recruitment of 500 study participants into the study from suspected TB cases. The minimum sample size was determined using Fischer's formula.
Inclusion and Exclusion Criteria
Those suspected of having TB and residents in Mombasa County for at least six (6) months, not on anti-TB chemotherapy and consented to participate in the study were recruited. Tuberculosis suspects who had not lived in Mombasa County for the last six (6 months), unwilling to participate in the study and not meeting the above inclusion criteria were excluded.
Sampling Frame
Mombasa County was purposively sampled because of high cases of TB and HIV infection. The sampling frame consisted of all the public health facilities within the study area. After the selection of the study sites, each was allocated a proportionate number of study subjects based on the level of health care delivery system and the average client attendance in the past one month before embarking on the study. To minimize bias in selecting study subjects, consecutive sampling was used hence every alternate TB suspect who satisfied the inclusion criteria were selected for the study during the intake period.
Collection of Demographic Data
A structured and pre-tested questionnaire was used to obtain participant demographic data. The data collected included age, gender, previous anti-TB treatment, HIV status and antiretroviral therapy (ART).
Collection of Blood Samples
A total of 500 participants consented phlebotomy for HIV testing. Testing was also done according to manufacturer's instructions. Blood samples were delivered in vacutainer Brand STERILE interior ethylene diaminetetra-acetic acid (EDTA) tubes and used for HIV test, complete blood cell (CBC) counts and for CD4+T cell counts. The safety for research assistants and healthcare workers during collection and handling of blood speci-mens was ensured by observing the WHO guideline.
HIV Testing
Blood samples were tested for HIV antibodies according to the Kenyan national testing algorithm for voluntary counseling and testing. Testing for HIV infection was done by screening serum/plasma by using Determine HIV1/2 (Abott laboratories, Japan co. LTD), Capillus HIV1/2 (The Trinity Biotech, Ireland) and Unigold H1/2 [22] rapid test kits and positives confirmed with the enzyme linked immunosorbent assay [23] .
CD4+T and CD8+T Cell Determination
The puncture area was identified, swabbed with alcohol and blood sample collected by a well-trained phlebotomist. Blood samples were collected by venipuncture using a 10 ml syringe and 21 g needle which were all sterile. Whole blood samples were collected in 4.5 ml BD K2E vacutainer (lavender cap) and mixed adequately with the EDTA by gently inverting up and down for at least ten times to avoid clotting. Blood was processed within 24 hrs after collection. The test vial was vortexed upside down and then upright for 5 seconds each to ensure even mixing. Fifty microliter (50 ul) of blood was added to the vial using the back pipetting technique with an electronic pipette and vortexed again for 5 seconds before incubating in the dark for a period of 1 hour at room temperature. At the end of the incubation period, the product was fixed with a 50 µl fixative solution and vortexed to ensure even mixing. The reagent tubes were placed onto the holder beneath the probe and allowed the machine to read the CD4+ sample.
Haematological Assay
Haematological parameters: haemoglobin (Hb), haematocrit (PCV), white blood cell count (WBC), platelet count (PLT) were determined using the automated blood analyzer cell-Dyn 1800 (Abbot Laboratories Diagnostics Division, USA).
Screening for Malnutrition
All participants were screen were assessed for malnutrition using body mass index (BMI). 
Data Management and Analysis
Demographic data were confidentially obtained from the TB suspects by clinicians/nurses running the chest clinics. Data was recorded on questionnaires, register books, ELISA reader print-outs and species evaluation sheets. The data was coded, entered into MS Excel 8.0 and processed using a statistical package for social sciences (SPSS) version 16.5 software for windows. The chi-squared (χ 2 ) test was used to compare categorical data and logistics regression to analyze multivariate data. Univariate odds ratio (OR) and 95% interval (CI) were calculated to assess risk factors (gender and age-group) with regard to HIV infection. Logistic regression was used to analyze multivariate data. The strength of an association. p values of <0.05 were considered statistically significant.
Ethical Issues
The proposal for this study was approved by Kenyatta University Ethical Review Committee (No PKU018/115). It was approved by the ministry of education, Science and Technology (MOEST). Clearance was also obtained from respective district health authorities and hospital administrations. The purpose of the study was explained participants in English, Kiswahili or local language before consent was sought. The study was conducted in accordance with the declaration of Helsinki. Code numbers rather than names were used to identify candidates in order to maintain confidentiality. The study did not expose candidates to any unusual risks as competent hospital staff obtained sputum and blood specimens from candidates using standard procedures.
Results
Socio-Demographic Characteristics of the TB Suspects
A total of 500 participants suspected of having TB were enrolled in this study of which 271 (54.2%) were males and 229 (45.8%) females. Their ages were between 18 and 80 years and median age being 32 years. The majority (42.4%) of the participants were in the 25 -34 years age-group, followed by those in the 35 - 
HIV Prevalence Rate
A total of five hundred TB suspects who participated in this study accepted to undergo HIV testing and 25.4% (127/500) were sero-positive. Females constituted 45.8% (229/500) of which 30.6% (70/229) being sero-positive. Males constituted 54.2% (271/500), with 18.5% (50/271) being infected. Overall females constituted 55.1% and males 44.9% of the HIV cases. There was significant difference in HIV infection rate between gender with females being more vulnerable than men (OR = 0.783; 95% CI: 0.447 -1.372; p = 0.042). The majority (36.2%) of the HIV cases were in the 25 -34 years age group followed by age groups 35 -44 (33.9%), 45 -54 (16.5%) and 18 -24 (7.1%) respectively ( Table 2) . In marital status, 27% of married were sero-positive and 40% in singles. Risk factors associated with undiagnosed HIV in men were widowed (AOR = 6.14; 95% CI; 1.53 -20.54; p < 0. 3 ). The mean haemoglobin levels in males and females combined was 11.28 ± 1.49 gm/dl. Females had lower haemoglobin mean levels 11.13 ± 1.58 gm/dl than males 11.47 ± 1.37 gm/dl which was statistically significant (t = 1.23, df = 76, p < 0.042). On nutritional status assessment using BMI, the mean BMI for the participants was 19 
Immunological Status of Human Immunodeficiency Virus (HIV)
Mean CD4+, CD8+, BMI and HB in Different Study Groups
Tuberculosis patients had statistically significant lower mean CD4+T counts 474.5 ± 198.8 cells/mm 3 than the reference value found in this population (1054.9 ± 156.1 cells/mm 3 , t = 34.6, df = 485, p = 0.001) and lower haemoglobin level (11.16 ± 5.9 gm/dl) than the reference value for this population (12.8 ± 13 g/dl, t = 27.5, df = 453, p = 0.002). Tuberculosis patients had statistically significant higher CD4+T counts (474.5 ± 198.8 cells/mm 3 ) than HIV/AIDS patients (333.3 ± 150.6, t = 4.6, df = 47, p = 0.001) and HIV/AIDS patients not on treatment (290 ± 184, t = 7.6, df = 58, p = 0.05). Tuberculosis patients had significant lower mean haemoglobin level (11.2 ± 5.9 gm/dl) than HIV/AIDS patients (11.3 ± 1.5, t = 3.4, df = 47, p = 0.001). Patients with tuberculosis were significantly malnourished (BMI 19.7 ± 2.4 kg/m 2 ) as compared to the reference value for this population (BMI 22.7 ± 1.3, t = 8, df = 465, p < 0.05). HIV/AIDS patients had significantly higher BMI (19.9 ± 2.2 kg/m 2 ) than tuberculosis HIV/AIDS co-infected patients (BMI 16.9 ± 2.2, t = 0.70, df = 58, p < 0.021) and lower compared to values obtained for control subjects (p < 0.003) ( Table 4) . Table 5 shows the means and standard deviations of the haematological variables. 127 (25.4%) were HIV sero-positive, 78 (37.1%) HIV and TB co-infected, 210 (42.0%) newly diagnosed TB patients respectively. The mean findings from the total leucocyte (WBC) blood cell count showed HIV+TB− had (5.9 ± 2.42) × 10 9 /l, Table 5 . Baseline data of immuno-haematological markers of the respondents. 
Baseline Data of Immunological Markers
Discussion
There is variable information concerning prevalence of HIV infected patients in the Kenyan population. The prevalence of HIV infection in this present study was 25.4% which was higher as compared to the national combined prevalence of 7.9%. It was higher than the 8.5% reported by Ngowi in Northern Tanzania [40] . However, the high overall HIV prevalence (25.4%) in present study could be attributed to the study having been done among high risk groups. HIV is the greatest risk factor for the progression of latent TB infection to active TB and relapses [24] [25]. In our study, close to 70.1% of the HIV infections were in the age 25 -44 year age-group. This comprise the young and economically productive group in the community and constitutes human resources in terms of national productivity. This scenario was similar from the findings of a study done in rural Tanzania which revealed that older age groups are at higher risk of HIV infection compared to younger age group (14 -24) [41] . The HIV prevalence rate is highest among married couples which has been fuelled by rampant infidelity in marriages popular known as "mpangowakando" in Kenya slang. The prevalence of HIV cases in females in this current study was 55.1% compared 44.9% in males. There was a significant difference in HIV infection rate between gender, females being more vulnerable compared to men (OR = 0.783; 95% CI 0.447 -1.372; p < 0.05).
In the same period during the current study the NASCOP (2013) reported national HIV prevalence of 4.9% and 6.9% among males and females respectively which is in agreement in terms of females being more vulnerable. A study done in Sub-Saharan African indicated that HIV prevalence was 8.7% in most general populations [25] . Biological, cultural and socio-economic factors contributes to women's greater vulnerability to HIV/AIDS. Women are four times more at risk of becoming affected with HIV during unprotected vaginal intercourse than men. The vagina's large surface area of susceptible tissue and micro trauma during intercourse makes women more physiologically vulnerable [26] . In this study, we found HIV-1 as the predominant viral subtype responsible for HIV infection in Mombasa, Kenya. The finding is consistent with studies in other parts of Africa which found HIV-1 is the predominant viral subtype [28] . Never the lees HIV-2 infection has been detected in other studies amongst African populations [29] . Socio-economic factors including women's lack of access to education or personal income perpetuate women's lower status. Moreover widespread poverty drives some women into commercial sex work. We also found that HIV prevalence was significantly higher among singles compared to married subjects. This finding is also consistent with previous reports which found single, unmarried persons more vulnerable to HIV infection [30] . Single unmarried persons are more likely to maintain multiple sex part-ners or be involved in high risk sexual behaviours like alcohol use and intravenous drug abuse that make them vulnerable to infection with HIV. A previous study done in the United States has shown that people who use alcohol, tobacco and other drugs are at a high risk for HIV infection. They are likely to engage in high-risk behaviours such as unprotected sex when they are under the influence of drugs or alcohol [31] . Research conducted throughout Sub-Saharan Africa has found close association between drug use, risk taking sexual behaviour and alcohol. In this study the mean CD4+T lymphocyte count of the HIV infected was significantly lower (p = 0.001) (333.27 ± 150.59 cells/mm 3 ) compared to counts of non-infected (1054.91 ± 156.13 cells/mm 3 ). The findings of this study were consistent with the report of Tarbarsiet et al. [32] and the statistical analysis showed that more men were in the category of >300 CD4+T cell counts. It was also in agreement with previous reports in Nigeria and Ethiopia [33] [34] . HIV infects cells that have the CD4+T antigen molecules on their surface. In recent years, it has been discovered that HIV needs other molecules called chemokines on the cell surface to gain entry into cell. Patients who do not have these specific chemokines (CCR5) are more resistant HIV infection. The critical abnormality resulting from HIV infection is progressive decline in the number of CD4+T-lymhocytes. The CD4+T cell count serves as the major laboratory indicator of immune function in patients who have HIV infection. It is one of the key factors in deciding whether to initiate ART and prophylaxis for opportunistic infections and it is the strongest predictor of subsequent disease progression and survival [20] . In this study, HIV/AIDS patients on treatment had significantly higher values of CD4+T cells, leukocytes, lymphocytes and haemoglobin levels than HIV/AIDS patients not on treatment. This means that antiretroviral treatment suppresses HIV replication and restores immunity [27] . The haemoglobin level was significantly lower in HIV+ patients (11.28 ± 1.49 gm/dl) than the reference values established for this population (12.65 ± 1.3, t = 27.5, df = 461, p = 0.001) which was statistically significant. Reasons for this could be insufficient dietary intake due poor appetite or anaemia resulting from chronic infections. Our findings also shows that HIV/AIDS patients were significantly malnourished as compared to the normal subjects for his population and TB patients. Malnutrition is normally associated with impaired immunity and it has been reported that malnourished individuals are at risk of acquiring tuberculosis [35] . This study found no significant difference between males and females with regards to nutritional status (p > 0.05). In our study, total leucocyte (WBC) counts of HIV+ patients were found to be significantly (p < 0.001) lower (5.9 ± 2.42) × 10 9 /l as compared with HIV− control group (6.92 ± 3.12) × 10 9 /l. Leucocytopenia is known to increase the incidence of opportunistic infections in HIV patients. This decrease could have been due to soluble inhibitory substances produced by HIV infected cells noted to suppress cells production [37] .
In multivariate analysis, immunohaematological markers (white blood cell count, packed cell volume and platelets) were found to be independently associated with HIV infection. The differences in the white blood cells count based to gender may be due to hormonal but the end results are often similar. The packed cell volume (PCV) incontrols show that females were more prone to blood loss, implying higher strain on their erythropoietic activities secondary toregulate menstrual [36] . The reduction in the number of circulatory cells is a common complication of HIV infection and in the course of the disease more than 70% of the patients develop anaemia that frequently required transfusion [37] [38] . The ESR value of HIV+ patients (102.0 ± 17.4 mm/hr) obtained in this study was significantly higher than control value (10.0 ± 8.5 mm/hr). This agrees with previous findings [42] . ESR is often raised in infections and inflammatory conditions. Increase in ESR could be attributed to production of acute phase proteins often observed in chronic infections and release of proteins by causative organism into the circulation. From this observation one may suggest that erythrocyte sedimentation rate could be used as sensitive index of plasma protein changes which result from inflammation or tissue damage. The number of HIV cases needing to be put on ART has been established in the present study. Moreover, nearly half of HIV-positive patients had a CD4 count less than or equal to 350 cells/mm 3 . The percentage of individuals eligible for ART may therefore actually be higher and many of them may have AIDS-defining opportunistic infections that make them eligible for treatment. Nationally, however, of the 1.9 million Kenyans infected with HIV, about 42.9% (245,000/570,000) of those needing ART are on ARVs. This means that universal Access to ART in Kenya is a big challenge [39] .
Limitations of the Study
This study surveyed only sentinel sites mostly in high-population density areas of Mombasa and parts of its en-virons. Similar studies should be performed in other regions.
Conclusion
We conclude that the prevalence of HIV among suspected TB cases in the urban Kenyan setting is high and predominantly affects women. Lower CD4 lymphocytes count was found to be the only predicting factor for HIV. While significantly reduced Hb and PCV were common feature in HIV+ patients, significantly increased haemorheologic activity represented by raised ESR was also observed in these patients thus pre-disposing them to thrombosis and vascular complications. We suggest that much more effort needs to be directed to prevention of new HIV infections among the youth. The study also regards the utility of determination of CD4 cell level as a useful predictor of AIDS during monitoring of patients with HIV/AIDS infection in Kenyan conditions.
